The potential for meteor burst (MB) spaced antenna diversity is studied using crosscorrelation techniques at a temperate latitude, using 37-MHz signals scattered over an 800-km path. Approximately 9 hours of data were analyzed from a 2-day period in February 1990, when the antenna separation was 10k. The correlation variations with time of signals with durations > 0.75 s, which were categorized as "underdense," "overdense," or "not known" (NK), were investigated. The cross-correlation coefficients of signals from underdense and overdense trails are high when correlated over their total signal envelopes, but this is not true when the signal envelope is segmented in time. NK signals are observed to be more uncorrelated than underdense or overdense signals and are, therefore, likely to be the most advantageous to a diversity system. Analysis of data from all three categories combined shows that 40% of signals with duration > 0.75 s have correlation values of less than 0.6 after the first 0.25 s, The correlation-time dependency observed for NK and underdense signals is not identified for the overdense signal category. It is proposed that for underdense and NK signals the correlation-time dependency is due to the vector addition of other weak signal modes. These weak signal modes, however, have little effect on overdense signals which, typically, exhibit higher signal powers in the early stages of the signal envelope.
INTRODUCTION
It is mathematically convenient, when investigating meteor burst (MB) propagation, to assume that the incident wave has been scattered from idealized straight columns of ionization created by incoming meteors [Sugar, 1964] . Implicit in this forrealization is a single, plane wave incident on the receiving antenna.
Mesospheric wind shears and turbulence can, however, significantly alter the initial shape of the trail and may, as a consequence, cause the formation of many scattering regions Copyright 1992 by the Amedcan Geophysical Union.
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(each known as a glint) [Manning et al., 1952] . Glints may move independently and, consequently, each scattered signal experiences a different Doppler shift. Superposition of two or more discrete Doppler-shifted frequency components causes fading to be observed. Thus the aggregate wave-front is no longer plane and a time-dependent signal fading pattern will be observed at each of the antennas. These considerations indicate that it may be possible to exploit diversity [e.g., Schwartz et al., 1966] techniques, similar to those used in the high frequency (HF) band, to enhance the performance of MB communications systems. A prerequisite for the successful implementation of diversity is the existence of uncorrelated fading on two or more receiving antennas. Under these circumstances a faded signal from one antenna may be compensated by the signal from another antenna. One method of obtaining uncorrelated signals is by reception on two appropriately spaced antennas (space diversity).
An investigation of MB space diversity on long-duration (-4 s) echoes was performed by Ladd [1961] . The experiment utilized a 1-kW transmitter with an operating frequency of 49 MHz, and signals were received on two antennas separated by either 22)• or 60)• (where)• is the signal wavelength). Signals were recorded and digitized using a sampling interval of 100 ms. The correlation coefficients were computed for underdense, specular overdense and nonspecular overdense signals. High correlations were observed (0.9946, 0.9819, and 0.7970, respectively), and Ladd [1961] concluded that little advantage could be gained using space diversity. However, fading periods on signals in this frequency band range typically between 100 ms and 1 s [Greenhow, 1950] and the 100 ms sampling period adopted would, therefore, have been too infrequent. The crosscorrelation coefficients were also computed over complete signal durations. Similar analyses performed by Cannon et al.
[1988] showed the correlation coefficient to be a function of signal decay time. In this latter work, high-correlation coefficients were reported at the start of the trail decay [Manning, 1959] with the coefficients decreasing towards the end of the signal lifetime. The measurement technique of Ladd [ 1961] was, therefore, flawed.
A cross-correlation coefficient of 0.6, or below, was adopted by Ladd [1961] as a "practical" indication of useful signal decorrelation [Staras, 1956] . Such a condition is, however, only applicable to Rayleigh fading conditions. Our studies of signal envelopes have convinced us that fading cannot always be described as Rayleigh. Interference between two, or a small number of glints (<5), resulting in a deep periodic fading envelope which approximates a rectified sine wave, is more likely than Rayleigh fading. Greenhow [1952] suggested that approximately 400 ms are required for the formation of the first glint. The applicability of the Rayleigh fading model, requiring the formation of multiple (>6) glints, is the. n restricted to long-enduring meteor trails. Rayleigh fading is, therefore, not generally applicable to MB diversity models. The deep periodic fading patterns resulting from two or three glints [Manning, 1959] [1962] performed experiments in the 38 to 41 MHz band with 400-watt transmissions using the receiver automatic gain control (AGC) voltage as a measure of the signal amplitude. The attack and decay times for these AGC measurements were 10 ms and 40 ms, respectively. An antenna separation of 4)• in a line perpendicular to the great circle path from the transmitter to the receiver was adopted. For specular reflections the diversity effect reported was small both for underdense and overdense wails. When the trails were long (>2 s), however, and wind distortion had caused several glints, quasi-independent, time-varying signals were obtained at each of the separated antennas.
The only fully developed MB communications system incorporating diversity is COMET [Bartholomd and Vogt, 1968] . The COMET system implemented space and height diversity, and signal combination was achieved using a multidetector. COMET showed a remarkably high duty cycle when compared to other MB communications systems [Cannon and Reed, 1987] . Bartholomd and Vogt [1968] believed that diversity contributed significantly to this high throughput.
In summary, the efficacy of space diversity in MB systems is unclear. MB communications systems generally provide a low average data rate, with average rates varying from a few, to generally only tens of bits per second [Cannon and Reed, 1987] . Uncorrelated signals on spaced antennas could be exploited to enhance this throughput using an appropriate diversity combiner. Each data tape was calibrated at 28-min intervals with signals ranging in power levels from -133 dBm to -76 dBm in 3-dBm steps. These calibration levels enabled the absolute values of the signal strength to be derived. The receiving and recording equipment was located in a temperature-controlled environment to reduce thermal drift. During the period of this experiment, relatively little sporadic E propagation occurred. The proportion of NK signals might be expected to increase during summer solstice periods when the incidence of sporadic E peaks. A diurnal diversity gain variation would also be expected at that time. An important caveat to this work relates to the geographical latitude of the experiment. At high latitudes in particular, where anomalous propagation modes are more common, different conclusions may be obtained.
DIGITAL ANALYSIS TECHNIQ
In We also draw the reader's attention to the work of Staras [1956] , which contributed to the conclusions of Ladd [ 1961] , concerning the degree of decorrelation required before the signals are considered to be useful in a diversity system. The theoretical basis of the calculations is the joint probability density function of two Rayleigh fading channels which is often not applicable to the MB channel.
In conclusion, the results presented in this paper suggest that space diversity may be advantageous, especially when signals propagate via NK trails. A diversity contribution can, however, also be exlx?cted from overdense and underdense trails, particularly towards the end of their trail lifetimes when significant decorrelation occurs.
